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Abstract 
      Mostly force sensor, used to measure external force, is equipped at the end effector. However force sensor is expensive and 
capable to measure only external force around the area that force sensor is attached. Therefore, the action could not be found 
outside the end effector. As a result, to improve the performance, disturbance observer (DOB), designed to control the position 
and force, is used to estimate external force instead of force sensor. In this paper, SCARA robot is used to draw the parabola on 
the board with a pen at end effector. From the results show effective position control of the SCARA robot and force control 
without using of force sensor as the robot is drawing.      
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
     For several decades, there are numerous papers with the objectives to the development of industrial robots to use, 
for example, welding robot and assembly robot. Also, recently, much research about industrial robot, especially 
industrial robot that works with human, would have the safety as the most concerned point. Therefore force control 
would be necessary to improve the performance of the robot and allow for safety to work with human. 
     A force sensor is often attached at the end-effector of a robot arm to measure the force when touches the objects. 
Therefore the robot arm could not be monitored when there is no sensor equipped. For this problem we would apply 
the disturbance observer [1]-[2] to the system for estimate the external force for improve the performance of 
position control. Moreover, it can detect the external force which act on the robot manipulator without using force 
sensor. 
     In this paper, we use the position control to control the position of the SCARA robot to move in a desire 
direction. Moreover, the disturbance observer is used to detect the external force for design the force control system. 
After the external force is compensated to the system, the robustness of the control system is improved. This paper is 
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organized as follows. In section II, SCARA robot structure and system are explained. Section III proposes the 
disturbance observer. Section IV and V describes the SCARA robot control system. Experimental results is shown in 
section VI. Finally, this paper summarized are shown in section VI. 
2. SCARA robot system 
2.1. Structure of the SCARA robot  
                                                 Fig.1. Structure and Joint of the SCARA robot                                      Fig.2. Areas of work of the SCARA robot       
The structure of SCARA robot which shown in Fig. 1 is consists of 4 joint connected with each other. Joint 1,2 
and 3 have moved in x-y plane while joint 4 has moved in z axis. 
From Fig. 1, joint 1 which connected with base is called shoulder because of its movement. It can move 150 
degree of each left and right side. The movement of joint 1 is shown in Fig. 2.  Joint 2 which connect with joint 1 is 
called elbow. It can move with 300 degree same as joint 1. Joint 3 and 4 which called wrist are connected with the 
end effector. 
2.2. Kinematic of the SCARA robot    
Kinematic is a mathematics modelling which use to describe  the structure of robot and relationship between 
position of each joint and movement of the robot. Kinematic is consist of 2 parts, Forward Kinematic and Inverse 
Kinematic.  
 
 
 
  
 
 
   Fig.3. Kinematic of the SCARA robot                  Fig.4. Equation of the SCARA robot                    Fig.5. Disturbance Observer 
 
From Fig. 3, forward kinematic is use to calculate the position of robot by using position information of each 
joint. On the other hand, inverse kinematic is use to calculate the position of each joint by using position 
information robot. 
From Fig. 4, forward kinematics of SCARA robot are shown in eq.1 and 2 while inverse kinematics of SCARA 
robot are shown in eq.3, 4 and 5. 
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Where L1 and L2 are length of robot arm. Position of x and y axis are x and y respectively, S, E and Q are angle 
of L1 with x axis, angle of L1 with L2 and L1 with plane from origin to end effector. 
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3. Disturbance Observer 
      A disturbance observer is a good candidate for robust control system. Disturbance observer (DOB) has been 
used instead of force sensor to estimate disturbance force at motor side. Then disturbance force is compensated to 
the system for improvement the robustness and bandwidth of control system. 
 Fig. 5 shows the structure of disturbance observer with a modelling of electric motor. Where J denote the 
moment inertia of the actuator. K
t
 is the torque coefficient of motor and the subscript n represent the nominal value. 
IM
is the input motor current. 
MT , MT and MT denote angular position, angular velocity and angular acceleration of 
motor respectively, 
m
W  is the generated torque and disW  is disturbance torque. 
 The acceleration controller can be used to generate force by dynamic equation of the motor which shown as 
follows:            
                                                              M m disJT W W                                                                                  (6)  
 The generated motor torque is given simply which shown as follows:  
                                                                 
m t MK IW                                                                                         (7) 
 Below, the disturbance torque (
disW ) is represented as follows: 
                                                 ( ) ( )dis n M tn t M M ext cJ J K K I D FW T T W                                                           (8) 
 Where 
extW  represents the reaction torque, cF  denotes the Coulomb friction, MDT is the viscous friction, 
( )n MJ J T is the torque pulsations due to the inertia variation and ( )tn t MK K I is the torque pulsations due to the 
variation of torque coefficient. 
 The disturbance torque is used current of motor ( MI ) and the motor angular velocity ( MT ) to be an input of the 
disturbance observer which shown as follows: 
                                                     ˆ ( )disdis tn M dis n M dis n M
dis
G K I G J G J
S G
W T T                                                            (9) 
Where disG  denotes the cut-off frequency of the low-pass filter. A low-pass filter is used to design bandwidth of 
force estimation to attenuate the high-frequency noise. By setting low bandwidth to the observer, smoothing force 
data with low noise are obtained. While setting high bandwidth to the observer, force data comes with high noise but 
the system has a fast response. The compensation current of the disturbance force is computed by the estimated 
disturbance torque which shown as follow: 
                                                                    1 ˆdis dis
tn
I
K
W                                                                                     (10) 
4. Position control based on DOB 
     During the robot operation, disturbance force which act on the robot cause the movement of the robot to move in 
the wrong way. Therefore, DOB is used to estimate and compensate the disturbance force for give correct 
movement to robot though the disturbance force act on the robot. 
 
 
 
 
 
 
                         Fig.6. Position control with DOB                                                                              Fig.7. Force control with DOB           
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     Figure 6 shows the position control based on DOB. The disturbance force is estimated by DOB and compensate 
to the system for improve the performance of the position control. 
5. Force control based on DOB  
     Force sensor is widely used in the force control for measure the external force. Since the force sensor has low 
bandwidth and give the high noise level, DOB is used instead of force sensor for estimate the external force. 
     Figure 7 shows the force control based on DOB. The disturbance force which act on any part of robot is 
estimated by DOB and compensate to the system for improve the performance and robustness of the whole system.  
6. Simulation setup and results 
     In this simulation, the SCARA robot is used to move in the desired direction. During the movement of the robot, 
the disturbance force is act on 5th second. Simulation results show position and force of the system with DOB and 
the system without DOB which shown in Fig 8 and 9 respectively.       
                                                                                                       
 
 
 
 
                                            Fig.8. Position control with out DOB                                                                                 Fig.9. Position control with DOB           
     From Fig 8, the position of robot when disturbance force is acted on has a fault movement. Afterward, it can 
move in the desired direction.  From Fig 9, the position of robot when disturbance force is acted on moves without 
fault movement. 
 
 
 
 
 
 
Fig.10. Force control with DOB 
     In Figure 10, the end effector of SCARA robot is moved in z axis to contact the unknown environment with input 
force 1N. DOB is used to estimate the force response at the end effector of the SCARA robot instead of force 
sensor.  According to the results, the force response and the estimated force from DOB is a same without oscillation. 
7. Conclusion 
     Since the force sensor has a limitation which degrade the system, DOB can improve the performance and 
robustness of the position and force control system. During the robot operation, the disturbance force which act on 
the robot is compensated. Therefore, the robot can move in the desired movement without failed. 
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